Pediat. R e s . 9: 807-8 1 1 (1975) The mechanism of functional recovery of the damaged brain are only partially known. Full anatomical restitution of the lost parts of the brain is not possible. It is probable that the remaining undamaged parts of the central nervous system take over the function of the destroyed areas. This plastic change is probably accompanied by functional, structural, and biochemical restructuring of the remaining parts. Previously, we have described a few of these changes which take place in the brain after perinatal surgical damage. We found an increase in the brain temperature, blood flow and vascularity, oxygen consumption, and activity of several enzymes after destruction of different cortical and subcortical areas performed in the early perinatal period. These metabolic changes were detected even I year after the lesion and appeared at the time of almost complete functional recovery (19-21). The increase of tissue metabolism was found not only in the immediate vicinity of the lesion, but also throughout the whole brain.
The mechanism of functional recovery of the damaged brain are only partially known. Full anatomical restitution of the lost parts of the brain is not possible. It is probable that the remaining undamaged parts of the central nervous system take over the function of the destroyed areas. This plastic change is probably accompanied by functional, structural, and biochemical restructuring of the remaining parts. Previously, we have described a few of these changes which take place in the brain after perinatal surgical damage. We found an increase in the brain temperature, blood flow and vascularity, oxygen consumption, and activity of several enzymes after destruction of different cortical and subcortical areas performed in the early perinatal period. These metabolic changes were detected even I year after the lesion and appeared at the time of almost complete functional recovery (19) (20) (21) . The increase of tissue metabolism was found not only in the immediate vicinity of the lesion, but also throughout the whole brain.
These experiments indicated that there is a whole brain reaction to even minimal damage of brain tissue and that these changes are probably permanent and probably associated with the p r o c e s of recovery.
Pursuing this idea further, we attempted to find other, possibly more important components of this massive brain reaction. Thus, in this paper we studied the changes of DNA synthesis in different parts of the brain after focal lesion of the neocerebellum. D N A synthesis indicates whether there are new cells produced in the damaged brain, and where they are localized. The migration of new cells may indicate which areas of the brain are structurally modified after the lesion.
MATERIAL A N D METHODS

ANIMALS AND SURGICAL PROCEDURE
Mice of the C57BL/6J strain whose parents were purchased from Jackson's Laboratories (32) were used in this study. The 80 the age of 24-39 hr, the left cerebellar cortex w-as penetrated with a sharp needle introduced through the occipital plane to a depth of about 1-1.5 mm. The damage to the neocerebellar cortex caused an asymmetry of the position of hind limbs. The asymmetry of the position of the hind limbs was clearly apparent about 20 sec after the lesion and indicated the success of the operation. Three animals in each litter served as controls.
I n another series of control experiments, cerebellar lesions were performed in adult C57BL/6J mice, both males and females. These mice were narcotized with ether, the skin of the head cut in the midline, and a small hole drilled into the occipital plane. The left cerebellar cortex was lesioned electrolytically with a current 1.5 ma for 3 sec. Asymmetry of the position of the hind limbs was tested immediately after recovery from anesthesia.
TESTING OF REFLEXES
Asymmetry of the position of the limbs was tested weekly up to the day of the killing of the animals. We did not test the behavior of the growing animals more than once a week, because we did not want to handle the pups too often.
The reflexes described by Fox (8) were tested in each litter twice during the first 16 days of life. The following reflexes were evaluated: righting, crossed extensor, forelimb placing, hindlimb placing, acceleration righting, postural flexion, postural extension, forelimb grasp reflex, hindlimb grasp reflex, head turning response, pivoting, straight line walking, rooting reflex, positive supportive reaction, vibrissa placing, negative geotropism, cliff drop aversion, visual placing reflex, and sucking reflex for description of the reflexes, see Fox (8). The animals were also weighed weekly.
BIOCHEMICAL PROCEDURES
Groups of 10 operated and 10 control young mice were killed by decapitation 48 hr after birth, and I , 2, 3, 4, 8, and 16 weeks after birth. The head was frozen immediately in liquid nitrogen and kept at -60". The adult male and female mice were killed 24 hr, 48 hr, and 1, 2, 4, and 8 weeks after the lesion. Twenty-four hours before killing, the mice were injected intraperitoneally with 2 pCi [3H]thymidine/g of body weight (Amersham-Searle, specific activity 23 Ci/mmol).
The brains were divided into three parts: cerebellum with part of the brain stem up to corpora quadrigemina, left hemisphere, and right hemisphere. Each of these parts was extracted separately.
The brain DNA was extracted by the method of Zamenhof et a/. (31) . Each brain was homogenized with 3 ml cold 6% trichloroacetic acid (TCA); the homogenate was centrifuged at 18,000 x g in a Sorvall RC-2 refrigerated centrifuge for 40 min. The radioactivity in the TCA supernatant was measured in a Beckman liquid scintillation counter. The remaining pellet was suspended in 1 M perchloric acid and was digested in a 70" water bath for 15 min. The suspension was centrifuged again and the supernatant was taken off. The extraction was repeated once more. Part of the extract was taken for diphenylamine determination of D N A concentration, another part for the measuring of radioactivity.
The results of the D N A determination by Z a m e n h o f s method gave us a general picture of the D N A metabolism after brain damage. The differences which were found were verified once more by lithium chloride extraction of D N A . For this purpose. the animals with damaged cerebellum were injected with 2 FCi/g body weight of 3H-labeled thyniidine 1 h r after the lesion. The mice were killed 24 hr after the injection of the label, and 10 newborn brains o r 4 adult brains were pooled and D N A extracted. Extracted D N A was purified by Pronase and ribonuclease and extracted again from the solution by the lithium chloride method. Finally. D N A was purified on a methylated albumin-kieselguhr ( M A K ) column. Amount of the remaining D N A was measured by diphenylamine method and the radioactivity detected in the Beckman liquid scintillation counter. The test of significance used was Student's t-test.
AUTORADIOGRAPHY AND MORPHOLOGICAL CONTROL
The mice used in this part of our work were injected by 2 FCi 3H-labeled thymidinelg body weight exactly 24 hr after the perinatal neocerebellar lesion. Groups of mice were killed 24 hr later, or at the age of 7. 14, 21. or 42 days. There were four control and four operated mice in each of these groups. The mice operated on in adult age were killed at the same intervals.
The brains were fixed in Carnoy fluid for 3 hr, embedded in paraffin. and cut into 7 p m thick sections. After deparaffination the sections were covered with autoradiographic emulsion NTB-2 (Kodak) and exposed for 30 days. The developed sections were stained with Giemsa stain.
RESULTS
BODY WEIGHT AND DEVELOPMENT OF REFLEXES
The changes of the body weight during postnatal development of the operated and control group did not differ substantially. There was also no delay in the appearance and disappearance of all tested reflexes during the postnatal development. The asymmetry of the position of the hind limbs was present in all animals operated after the birth, disappeared in 2 animals out of 75 (2.7%) within 1 week, in 3 out of 52 in 3 weeks (5.8%). in 8.3% at the ape of 6 weeks, in 26.3% a t the age of 8 weeks. and in 38.4% at the age of 16 weeks.
Although we did not measure the extent of the asymmetry, it was obvious that. in the remaining animals, the asymmetry was not well expressed.
In [he adult mice, the asymmetry disappeared in 2 out of 30 mice (6.7%) within 8 weeks after the lesion.
CHANGES OF AMOUNT AND SPECIFIC ACTIVITY OF DNA
The results summarized in Tables 1-3 Table  4 ). The differences were not only statistically significant in the second day of postnatal life, but also present I week latter. (Table 5) .
i There is some difference in the amount of TCA-soluble radioactivity measured 24 hr after the lesion. but not later. This shows that there may be some difference in the passage of the radioactive thymidine into the damaged brain and/or some difference in the ' overall metabolism of [3H]thymidine (Table 6 ).
I
All of the changes were detected not only at the site of the lesion. :
in the cerebellum, but also in both cerebral hemispheres. This 1 48 hr I week 2 weeks 3 weeks 4 weeks 8 weeks 16 weeks shows that the reaction of the central nervous system to the damage probably spreads into several areas of the central nervous systenl.
The cerebellar lesion performed in adult mice did not cause any increased incorporation of the radioactive thymidine into brain DNA. Two independent groups of adult mice. males and females, were tested without detecting any significant difference. There were. of course, no differences in the brain weights, total amounts of DNA, and amount of DNA per mg brain weight.
In adult males, specific radioactivity in cerebellum after the lesion was 1.22 * 0.18 cpmlpg DNA and in controls 1.23 * 0.10.
There was no further difference up to 8 weeks after the lesion. In both hemispheres, the specific radioactivity of DNA from operated animals did not differ from that of the controls (4.86 * 0.27 and 4.52 ~t 0.30 in the left hemispheres, 4.69 * 0.18 and 4.32 ~t 0.60 in the right hemispheres of mice killed 24 hr after the lesion). There were no differences recorded up to 8 weeks after the lesion. In females, the values are very similar and there were no statistically significant differences between groups. In the cerebel- The only differences were found in the level of TCA-soluble radioactivity. The TCA-soluble radioactivity after the cerebellar lesion in the adult mice was increased for at least 48 hr after the operation (Tables 7 and 8 ). This probably reflects the changes of the blood-brain barrier. However, increased TCA-soluble radioactivity was not accompanied by increased labeling of DNA.
A U T O R A D I O G R A P H Y A N D M O R P H O L O G Y O F BRAINS
Morphological control of the lesions in both adult and young animals showed that the molecular layer, the Purkyni cell layer. and the granular layer of the cerebellar cortex were damaged in the area of lobulus ansiform and lobulus paramedianus (27) . Only about one-fourth of the left lobulus ansiformis and paramedianus were destroyed.
In control animals examined 24 hr after the injection of labeled thymidine. most radioactivity was found in the germinative areas around lateral ventricles, but some labeled cells were already scattered in different other areas of the brain. In the cerebellum, most labeled cells were in the external granular layer, and some in the stratum granulosum and in the stratum moleculare. Labeled cells were also scattered all over the medulla, pons, and midbrain (mostly reticular formation. but also colliculi anterior and posterior). Few labeled cells were found in different nuclei of the thalamus. In the germinative zone around the lateral ventricle, numerous cells were labeled. Many cells were also labeled in different layers of the hippocampus and fascia dentata. The cortex, septum, and caudate nucleus contained few labeled cells. Many cells were labeled in the tractus olfactorius, nucleus olfactorius. and in entorhinal cortex.
The distribution of cells in the brains of operated animals did not differ substantially from the control brains. Already at this early stage of development, the number of labeled cells in different cortical areas (parietal, occipital, temporal) seemed to be higher in operated than in control animals. Precise evaluation of the numbers and localization of labeled cells in different brain areas will be published separately. In very young animals, it often was difficult to distinguish whether the labeled cells were neurons or glia. The cells were usually small, with very distinct labeling covering the whole nucleus.
In further developmental periods we did not notice substantial differences in the localization of the labeled cells. The external granular layer in the cerebellum of both groups of mice disappeared between the 14th and 24st day of life. The subependymal germinative layer around the lateral ventricles was present in all observed brains.
In mice 2 and 3 weeks old we were able to recognize many labeled cells as neurons. In mice 42 days old, most labeled cells were neurons.
In the animals operated on as adults, few labeled cells were found in the brain, cortex, basal ganglia, thalamus, and rnesencephalon. Some of these were neurons. regeneration of differentiated neurons and their parts, axons, dendrites, etc. Although there is extensive literature concerning the theories of the functional recovery (cf. References 3 and 23) little is known about the cellular mechanisms underlying this process.
The morphological and biochemical substrate of the functional 8 recovery has usually been attributed to vaguely defined "plasticity," "spontaneous functional reorganization," etc. In mammals, the recovery is considerably better in younger animals. 
DISCUSSION
Another possibility, an increase of the sensitivity of the partially denervated areas of the brain, has already been emphasized by The damaged central nervous system can recover considerably Stavraky (29) . The partial isolation of the cerebral cortex or its function in spite of the almost complete absence of the hemitransection of the spinal cord has been widely studied, mostly in connection with a possible explanation of the activity of chronically isolated cerebral cortex. Trans. Amer.. Neurol. Ass.. 87. 190 epileptogenic focuses in the central nervous system (5, 26 We su'ppose that a fruitfui approach to the understanding of (1970 We found full recovery in only some of our animals. This may mean that sometimes these biochemical processes are not sufficient for a full recovery.
S U M M A R Y
The changes of the amount of D N A and incorporation of the 3H-labeled thymidine into brain D N A were studied after unilateral lesion of the neocerebellar cortex. In newborn mice the lesion was followed by increased labeling of the DNA extracted both from cerebellum and of the cerebral hemispheres. In adult animals, TCA-soluble radioactivity after the lesion increased, but there were no changes of the incorporation of the radioactive thymidine into DNA. Immediately after the lesion, the label is localized in different types of cells throughout the brain. Later, 6 weeks after the lesion, the label is found mostly in neurons.
